This paper addresses ten generic skills set out by Engineers Australia from the engineering graduate perspective. Generic skills of electronic-engineering and civilengineering graduates are studied prior to graduation and after graduation. Detailed comparisons are made. Possible recommendations are also discussed.
INTRODUCTION
Students have different levels of motivation and attitude about teaching and learning.
They also have different responses to specific classroom environments and instructional practices [1] . Thus it can be said that the more thoroughly instructors understand the differences, the better chance they have of meeting the diverse learning needs of their students [2] . Three categories of diversity that have been shown to have important implications for teaching and learning are differences in s t u d e n t s ' l e a r n i n g s t y l e s , a p p r o a c h e s t o l e a r n i n g a n d i n t e l l e c t u a l d e v e l o p me n t l e v e l s [3] .
Engineering combines the art and science of production. It is a pragmatic activity that draws on imagination, judgement, integrity and intellectual discipline to apply science, mathematics and practical experience to design and to operate useful objects and processes that meet the needs and expectations of people [4] . In particular, engineering is crucial in society because solutions to real world problems cannot always wait until phenomena which influence them are completely understood using rigorous scientific methodologies [5] . Thus engineers are required to find solutions even when aspects of the underlying science have not been resolved. Therefore, it should be noted that engineering education is an important issue for developments of future engineering industry [1, [6] [7] [8] [9] .
As such, engineering courses offer students multiple resources for learning. However, it is not clear how much time students devote to these resources or how effective they are to master the course material [10] . Employers a t t e mp t t o s h a p e e mp l o y e e s ' wo r k identities through the organization of work [11] . However, they are partly constrained by employee expectations related to education and training, the occupational structure and the labour market [12] . Employees, individually and collectively, also attempt to influence how their work is performed and hence play an active role in shaping their own work identities [13] . Work identities are therefore influenced both by structural factors and the agency of employers and employees.
The aim of this paper is to provide insights on engineering s t u d e n t s ' p e r c e p t i o n s o f selected generic skills and attitude. From that, effective methods can be devised to more effectively improve their learning process and the development of future engineering industry.
In Australia, there are about 44,822 professional engineers having a bachelor degree or above, and selecting an occupation title associated with management and nonmanagement specific professional engineering [14] . The largest occupational group in the area of engineering management is the production manager group with about 11,520 members. The largest occupational group in the area of technical professional engineering is the mechanical engineer group with about 4,572 members. Table 1 shows the number of members in each occupational group. For engineering management occupations, the percentage of degree-qualified people to non-degree qualified people approximately ranges from 18% to 56%. For technical engineering occupations, the percentage of degree-qualified to non-degree-qualified people approximately ranges from 34% to 90%. This means that in a number of occupations, less than 50% of members claiming to be professional engineers have an engineer degree.
<Table 1>
The number of professional engineers in each State is shown in Table 2 . New South Wales has the most engineers of at least 14,844. North Territory has the least with about 318. The number of professional engineers in each state and territory by occupation is shown in Table 3 . <Table 2> <Table 3> Table 4 shows the percentage of academic disciplines for professional engineering and information technology occupations. There are ten generic skills required for each engineer in the engineering industry set out by Engineers Australia, which include [15] : i) ability to apply knowledge of basic science and engineering fundamentals; ii) ability to effectively communicate engineers and the community; iii) in-depth technical competence in at least one engineering discipline; iv) ability to undertake problems, formulation and solutions; v) ability to utilize a system approach to design and to improve operational performance; vi) ability to effectively funcation as an individual and in multidisciplinary and multi-cultural teams, with the capacity to be a leader, a manager or an effective team member; vii) understanding of the social, cultural, global and environmental responsibilities of the professional engineer, and the need for sustainable development; viii) understanding of the principles of sustainable design and development; ix) understanding of professional and ethical responsibility and commiting to them; and x) expectation of the need to undertake lifelong learning and capacity.
RESEARCH METHODOLOGY
The Bachelor of Engineering program at Griffith University consists of the following majors: electronic, civil, geotechnical and coastal. Electronic engineering is currently in high demand on the Gold Coast, Queensland with enrolment numbers more than doubled in the last two years. As such, it is necessary and important to conduct the survey in this discipline to more thoroughly understand the students and to also improve teaching and learning processes from the university perspective. The The first year of the program for all disciplines is the common year in which students learn basic skills and knowledge on report writing, mathematics, physics and laboratory. From the second year to the final year of the program, students are divided into different main streams corresponding to each discipline. In the last three years of the program, students learn specialised courses and projects in the specific discipline.
For electronic-engineering students, programming plays an important role to student success because most assignment and laboratory work require strong programming knowledge. For civil-engineering students, project-oriented skills such as on-site practical experience are required. As such, there are differences in learning perception between these two main disciplines. Surveys collected from the civil-engineering and electronic-engineering students are conducted to show the differences in their generic skills, learning perspective and career goals upon graduation.
The survey was sent to 11 electronic-engineering graduates and 50 civil-engineering graduates. 61 responses have been received with the response rate of 100%. The students were asked to rank the ten generic skills and their effectiveness in helping the students to fulfil their study needs and learning process. Each skill is given a weighting factor by the students ranging from 1 to 10 i n wh i c h ' 1 ' i s t h e l e a s t i mp o r t a n t a n d ' 1 0 ' t h e mo s t i mp o r t a n t .
To determine the relative ranking of the skills, the scores were transformed to indices using Equation (1) [16] :
where w is the weighting given to each factor by the respondent, ranging from 1 to 10
i n wh i c h ' 1 ' i s t h e l e a s t i mp o r t a n t a n d ' 10' t h e mo s t i mp o r t a n t ; A is the highest weight, in this study A = 10; N the total number of samples; and RII the relative important
After collecting the questionnaire responses, individual structured interviews were arranged with eight respondents, selected from different engineering disciplines: four from the electronic-engineering discipline, and four from the civil-engineering discipline. The interviews were intended to gather further comments; elaboration and interpretation on the results obtained from the questionnaire.
RESULTS AND DISCUSSIONS
The RII values before and after graduation of the generic skills in the survey are estimated so that thorough comparisons between the electronic and civil engineering majors can be made. It should also be noted that the RII values are not used to rank the generic skills but only to compare the skills possessed by graduates in the two majors. It should be noted that it is difficult to rank these ten generic skills which are equally listed based on their characteristics. From Figure 1 and Figure 2 show the RII factors of the ten generic skills provided by the electronic-engineering and civil-engineering graduates before and after their graduation.
<Table 6> <Figure 1>
<Figure 2>
The first generic skill shown in Table 6 , Figure 1 and Figure 2 Table 6 , Figure 1 and Figure 2 , the UMAP program appears to be more effective than the IAP program in improving student communications skills even though the former may lack in-depth technicality.
The third generic skill reflects the competence and confidence levels of electronicengineering students over civil-engineering students in applying in-depth technical knowledge to real-life problems. From Table 6 , Figure 1 and Figure 2 , electronicengineering students possess a higher confidence level than civil-engineering students which is mainly due to the rigorousness and technical contents of the electronic discipline over the civil-engineering discipline. Electronic-engineering students are usually stronger in mathematics and physics than civil-engineering students because the former students have to learn complicated mathematical concepts in the electronic-engineering discipline such as signal processing, digital signal processing, Fourier transform, power spectrum, calculus, image processing, system analysis and solid-state devices, whereas civil-engineering students have to learn less complicated concepts with less mathematical-based such as statistics, moment calculations and structures. Specifically, calculus is not strongly emphasized in the civil-engineering discipline which explains the higher confident level of electronic-engineering graduates upon graduation. The same argument can also be used to explain the fourth and fifth generic skills.
The sixth generic skills concerns the ability to work in a team of electronicengineering and civil-engineering students in which the former students possess a lower RII value than that of the latter students which is consistent with previous findings in this study. From the survey results, civil-engineering students possess more effective communications skills as shown in the second generic skill and therefore it is expected that they have a higher RII value than that of the electronicengineering students. However, the RII value of electronic-engineering students upon graduation is higher than before graduation which shows that these students are aware of the fact that they must be able to work in a team environment to further progress The capacity of undertaking life-long learning is also clearly reflected in the tenth skill in Table 6 , Figure 1 and Figure 2 which show almost identical RII values for both electronic-engineering and civil-engineering disciplines.
RECOMMENDATIONS
From Table 6 , Figure 1 and Figure 2 , it is clear that the civil-engineering graduates process a higher confidence level than the electronic-engineering graduates. The key point is to try to obtain a higher RII value from engineering graduates after graduation.
The followings are recommended to improve the electronic-engineering program at Griffith University:
 To incorporate more compulsory management courses into the program to improve electronic-engineering graduate communication skill; and  To make electronic-engineering graduates more aware of sustainable development.
In view of the above recommendations for the electronic-engineering program, the followings are recommended for the civil-engineering program:
 To introduce more mathematical-based courses to improve in-depth technicality; and  To introduce civil-engineering graduates to some basic electronic-engineering concepts to improve their confidence and to be able to work effectively with electronic-engineering graduates.
CONCLUSION
Generic-skill development has been shown in this paper for electronic-engineering and civil-engineering graduates at Griffith University, Queensland, Australia. It has been found that the civil-engineering graduates possess more effective communications skills, the ability to work in a team and sustainable development upon graduation. Electronic-engineering graduates express confidence in applying basic knowledge to real-life problems and in-depth technical competence upon graduation. Recommendations have been made to further improve the quality of the civil-engineering and electronic-engineering programs by introducing more 13 mathematical-based courses into the former program, and more communications and management courses into the latter program. 72  0  2  0  3  3  2  18  1  0   Civil engineer  0  0  1  0  2  96  0  1  0  0  Electrical engineer  1  0  0  0  2  0  0  96  0  0  Electronics engineer  11  1  0  0  2  1  0  85  0  0  Mechanical engineer  0  1  7  0  83  3  0  3  1  0  Production or plant  engineer  1  4  40  0  39  3  0  11  2  0   Mining engineer  0  0  91  0  3  3  1  1  0  0  Petroleum engineer  1  2  66  0  21  8  0  3  0  0  Materials engineer  0  0  80  0  8  7  0  5  0  0  Aeronautical engineer  2  0  1  0  7  0  0  14  76  0  Agricultural engineer  0  0  0  0  100  0  0  0  0  0  Biomedical engineer  3  4  17  0  14  0  0  62  0  0  Chemical engineer  1  0  78  0  5  14  0  2  0  0  Industrial engineer  1  4  25  2  37  17  0  16  0  0  Naval architect  0  0  0  0  6  0  0  3  0  91  Systems manager  78  0  1  0  2  1  2  14  1  0  Systems designer  65  0  2  0  2  2  1  27  0  0  Software designer  61  0  1  0  2  1  1  31  1  0  Applications and  analyst programmer  83  0  1  0  2  1  1  11  0  0   Systems programmer  83  0  1  0  2  1  1  11  0  0  Computer systems  auditor  82  0  2  0  0  0  0  16  0  0 Table 5 : Academic disciplines of professional engineers in technical areas [14] Degree Generic Skill
RII value
After graduation Before graduation Figure 2 : RII values of civil-engineering students before and after graduation
